Early studies of the mammary gland and its innervation led to the belief, at least in some quarters, that mammary activity is under the control of the nervous system.6 With the development of endocrinology, however, growth and function of the mammary apparatus were found to be determined by secretions of the ovaries and hypophysis. In a number of species mammary development identical with that occurring during pregnancy has been induced by the proper administration of ovarian hormones, and in some species full lactation has followed the administration of lactogenic substance from the hypophysis to animals whose mammary glands have grown under the influence of extrinsic ovarian hormones."4
haemalum. The stained glands were dissected from adventitial connective tissue and muscle, cleared, and mounted on slides in damar. The inguinal glands were used for histologic sections.
In order that lactation might become well established by the time of experimental intervention all the animals were allowed to remain undisturbed for four days with litters regulated at six members. Since mammary involution in the mouse has been studied only following weaning after 21 days of lactation,', 15 it was necessary to examine the course of involution after four days of lactation. Accordingly, animals were killed for examination of the mammary glands at daily intervals for 11 days after removal of the young.
Following removal of the young there was first an engorgement of the glands followed by a rapid reduction in milk content, with the glands becoming much thinner. During this period there was a retention of morphologic integrity, and a gland three days after the young had been removed was essentially the same morphologically as the lactating gland. The extent of the duct system was unchanged, the alveoli were preserved, and the glands resembled the condition at parturition. From the third day onward there was rapid and continuous regression of the gland itself. The alveolar portion was the first to exhibit atrophy. The alveoli often showed some coalescence and then collapse, forming solid masses of cells giving a frayed appearance in whole mounts. These masses often became isolated from the duct system by loss of the smaller ducts, with the result that by seven days the glands were composed of widely separated islands of cells in no way resembling glandular cells. These (Fig. 3) .
To test the effect of nipple irritation 15 mice were segregated from their young after four days of lactation, and spirits of turpentine was applied with small cotton swabs to all of the nipples twice daily. It was, of course, impossible to restrict the turpentine to the nipples and an area approximately 4 mm. in diameter surrounding the nipple received the fluid. This rather drastic procedure was quite well tolerated for six days, with the animals showing no ill effects. Longer treatment, however, resulted in an increasingly severe cutaneous reaction, and the animals were therefore killed for study at the end of seven days. For comparison, 12 untreated animals of identical history were examined.
The mammary glands of the untreated animals presented very little variation in the extent of involution. The alveoli were represented only by scattered, solid islands of small, rounded cells bearing no resemblance to glandular cells (Fig. 3) . Cell boundaries in these masses were ill defined and many of the nuclei were characteristically pyknotic. The lobular arrangement of the glands was in little evidence ( Fig. 2) , although the main ducts were unchanged except for the epithelial degeneration already mentioned.
In contrast to the untreated glands, the mammae of the animals receiving turpentine applications retained their engorged appearance of full lactation for at least four days. Throughout the course of treatment there was a persistent and marked hyperemia of the mammary glands. There was considerable variation in the extent of involution after seven days of treatment, but the general average stage of involution in all the animals was somewhat less than four days.
In 13 of the animals there was distinct evidence of the persistence of some secretory activity. The duct system of these glands was approximately as extensive as in lactating glands and showed no histologic evidence of degeneration. The lobular structure of the glands was well preserved, and the alveoli were for the most part intact. The architecture and signs of secretory activity of the alveoli were strikingly similar to the condition at parturition and at three days of involution (Figs. 4 and 5) . No significant retardation of involution was apparent in the remaining two animals.
Since turpentine is a rubefacient as well as an irritant and maintained a marked hyperemia in the treated glands, two animals were given applications of turpentine to ten loci on the dorsum with a view to ascertaining whether the effective action is irritation of the nipple. Although a comparable hyperemia of the mammae was elicited (it will be recalled that the mammary glands of the mouse extend onto the dorsum), no effect upon the course of mammary involution could be observed. Similarly, applications of water to the nipples of two animals were without effect.
In a group of six mice turpentine was applied twice daily to groups of nipples, while other nipples were untreated. Most of the possible combinations, such as treating all the nipples on one side while the other side was untreated, were employed. In all cases the effect upon involution was the same as when all the nipples received the turpentine (Fig. 6) . The average of retardation in the group was possibly slightly less, with the treated and untreated glands being indistinguishable.
In a further group of five mice three to six nipples were excised after four or five days of lactation, and the young were allowed to suckle the remaining nipples for 10 to 12 days. The unoperated glands were typical lactating glands. The glands without nipples, however, were readily identifiable by virtue of the involution they had undergone; they were much thinner and retrogression had definitely begun. Their involution had, nevertheless, been greatly retarded (Fig. 7) , and these glands resembled glands of four days' regression in contrast to the 1 0 to 12 days of involution which would have occurred if the unoperated glands had not been suckled.
Discussion
The application of turpentine to the nipples sufficed in most instances in these experiments to retard mammary involution significantly. The failure in two animals to achieve this result is not surprising in view of the extremely unnatural character of the irritation. Indeed, fewer positive results would doubtless have been significant when the extremely uniform state of regression presented by the fairly large group of untreated animals is considered. Although the technic is inadequate for the maintenance of full lactation, the results demonstrate that nipple irritation is at least one of the factors contributing to the prevention of mammary involution. The absence of any effect when the turpentine was applied only to the dorsum shows that the nipple itself or the area immediately surrounding it must be irritated and that the turpentine is not in itself lactogenic.
The observations are not in accord with the idea that it is the removal of milk during suckling which prevents mammary involution.3' 4 The maintenance of full lactation, however, may very well be dependent upon withdrawal of the milk. And the results of nipple removal upon the function and structure of the operated gland are not in agreement with the report1' that in rats lactation is not disturbed in such glands. The latter discrepancy may be due to the greater interval of time in our animals between operation and examination, or it may be that the rat and mouse are not alike in this respect. It is very probable that nipple irritation is a major factor in maintaining the lactating gland, but that removal of milk is necessary in order that the full effect of this factor may manifest itself completely. Such an explanation is indicated by the large proportion of turpentined animals with glands showing very little regression but at the same time a great loss of milk production.
That the effect of the irritant is not a local action is shown by the retardation of involution in all glands when only part of the nipples have been treated. Suckling of only a part of the nipples also served to retard involution of glands without nipples. Such observations can best be explained by a central effect of the irritation mediated, as suggested by Selye,10, 11, 12, 13 by a nervous route. This hypothesis is supported by interesting experiments reported by Inglebrecht,5 who found in rats that spinal transection between the last thoracic and first lumbar segments led to involution of all the mammary glands if only the posterior group of glands was suckled, while suckling the cranial glands led to maintenance of all the glands. The spinal transection, according to Inglebrecht, produced a loss of sensation in the posterior group of glands but did not interfere with the front glands.
The nature of the central effect of the irritation is problematic. A plausible action is the stimulation of one or more of the endocrine glands involved in mammary control. The well-established fact that total ovariectomy does not interfere with lactation is adequate to rule out the ovary. The prompt cessation of lactation after hypophysectomy2 is suggestive that it is the hypophysis which is affected by the irritation of the nipples and, indeed, it has been reported8 9 that suckling produces a change in the lactogenic hormone content of the hypophysis. The means by which a nerve impulse might alter secretory activity in the pars anterior of the hypophysis constitutes a major problem, since its innervation remains questionable despite considerable study.
In the light of experiments with suckling young'0 11, 12, 13 and of the present experiments with a chemical irritant it is clear that nipple irritation is a major factor in preventing mammary involution and probably in the maintenance of lactation. The chain of events initiated by this irritation, however, remains a matter of conjecture.
Summ4ry
On the fourth day post-partum 1 5 lactating mice were isolated from their young and spirits of turpentine was applied to all the nipples twice daily for seven days. This treatment resulted in marked retardation of mammary involution in 13 cases, with the average stage of involution being less than that seen on the fourth day after weaning. In six instances there had been almost no glandular regression as shown by the presence of an essentially intact lobular structure with many alveoli retaining histologic signs of secretion. The non-effect of turpentine applied to the dorsum and of water applied to the nipples indicates that the effect of the turpentine was due to its irritant action upon the nipples.
Similar application of turpentine to some of the nipples while the other nipples remained untreated resulted in retardation of involution of all the mammary glands. The excision of certain nipples resulted in great diminution of milk production, but in significant retardation of involution in such operated glands when the remaining nipples were suckled for 1 0 to 12 days. 
